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N cells all using same number of frequencies
K total number of frequencies used in systems
Each cell has K/V frequencies

Advanced Mobile Phone Service (AMPS) k=395, N=7 giving 57
frequencies per cell on average
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D = minimum distance between centers of cells that use the same
band of frequencies (called cochannels)

R = radius of a cell
d = distance between centers of adjacent cells (d ~ 1.73 R)
N = number of cells in repetitious pattern

Reuse factor
Each cell in pattern uses unique band of frequencies

Hexagonal cell pattern, following values of N possible
N=I12+32+(IxJ), 1,1=0,1,2,3,..
Possible valuesof Nare 1, 3,4, 7,9, 12, 13, 16, 19, 21, ...

D/R= /3N
D/d = /N
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a. Reuse factor of 4 b. Reuse factor of 7



55,8 51 vuse eolawl sla Xl

e
setea®
82 02=2sCaSe!

82 EOENE®
:.,;aae ©.
834 _gega%g.
e\ SO 2,0

..Bap.ﬁ..

s ele
eSelele

R
cirche with ﬂ‘j@eﬂ“

radius D

(a) Frequency reuse patiermn for b = 4 (o) Frequency reuse pattermforb =7

() Black cells indicate a frequency reuse forN =18
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widkh = 11 " 1.6 =176 km

{a) Cell radius = 1.6 km

height =10 "3 " 0.8 = 13,0 km

width = 21 "08 = 168 km

(b} Cell radius = 0.8 km
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Mobile unit initialization
Scan and select strongest set up control channel
Automatically selected BS antenna of cell
Usually but not always nearest (propagation anomalies)
Handshake to identify user and register location
Scan repeated to allow for movement
Change of cell
Mobile unit monitors for pages (see below)
Mobile originated call
Check set up channel is free
Monitor forward channel (from BS) and wait for idle
Send number on pre-selected channel
Paging
MTSO attempts to connect to mobile unit
Paging message sent to BSs depending on called mobile number
Paging signal transmitted on set up channel



Call accepted
Mobile unit recognizes number on set up channel
Responds to BS which sends response to MTSO
MTSO sets up circuit between calling and called BSs

MTSO selects available traffic channel within cells and notifies
BSs

BSs notify mobile unit of channel
Ongoing call

Voice/data exchanged through respective BSs and MTSO
Handoff

Mobile unit moves out of range of cell into range of another cell

Traffic channel changes to one assigned to new BS
Without interruption of service to user



Jlge (Jobw oled 09

On-%

On-g

{=) Ongoing call {1y Harndofr

an-3




bl s o o wldes

Call blocking
During mobile-initiated call stage, if all traffic channels busy, mobile
tries again
After number of fails, busy tone returned
Call termination
User hangs up
MTSO informed
Traffic channels at two BSs released

Call drop
BS cannot maintain required signal strength
Traffic channel dropped and MTSO informed

Calls to/from fixed and remote mobile subscriber
MTSO connects to PSTN
MTSO can connect mobile user and fixed subscriber via PSTN
MTSO can connect to remote MTSO via PSTN or via dedicated lines
Can connect mobile user in its area and remote mobile user
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BTS

BTS: base transceiver station
BSC: base station controller

Cell Site

Microwave

Cell Site

Cell Site
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MSC: mobile switching center O r'i
HLR: home location register HLR/ : !
VLR: visitor location register LR AG| ER i
AuC: authentication center —— Saanae?
PSTN: public switched telephony

network

PDN: packet data network
IWF: interworking function
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NMT o(Advanced Mobile Phone Systems)
230,5 &d e (Nordic Mobile Telephone systems)
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GSM (Global System for Mobile Communication)

!l TDMA 5 o

A ke bgyl o YAAL Lo o

.Zwwl Multiservice Cellular ¢ asoss S

el 00ls LS 0,5 broadcast ¢ Sedllow slo gy ol slo, 8
Lol (TCH) 315 JUIS j0 03ls (sl gy ogasto o,laslwl -
&S oo Jlo,l 1, SMS olisS sl play -



Main radio _
GSMereated  tachniques PhiGSMI900  Commercia
within CEPT selected §pecs are aperation
I frozen started
2 B7 ‘Hﬂ ‘92 >
3% ‘3‘9 91
Permanent GEM First running
nucleus setup becomes an systems

ETSI tech,
Cmite,



GSM . sl

- Home location register

- Mobile switching center

- Visitor location register

- Authentication center

- Equipment identification register
- Base station controller

- Base transceiver station

- Interworking function

- Mobile station

— Terminal adaptation function
- Data terminal equipment
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959.8 MHz 124
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200 kHz LR

LA

935.2 MHz 1

935 MHz

915 MHz

914.8MHz

45 MHz
separation

124

123

-

-

200 kHz

-

290.2 MHz

290 MHz

Time slot
/ Downlink
!
1 2 3 4 2 7 7 8
TOMA frame
Data burst, 156.25 bit periods = 15/26 ms = 576.9 us
Uplink
Delay
- o 2 3 4 5 7 &
TOMA frame
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2G MS (voice only)

¥

MS

2G+ MS (voice & data)

BSS Base Station System NSS Network Sub-System SGSN Serving GPRS Support Node
BTS Base Transceiver Station MSC Mobile-service Switching Controller GGSN Gateway GPRS Support Node
BSC Base Station Controller VLR Visitor Location Register

HLR Home Location Register GPRS General Packet Radio Service

AuC Authentication Server
GMSC Gateway MSC
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BSC GSN
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GPRS CCU
Function
RLC
—Segmentation/Re-assembly
—-ARQ

X_|peu

MAC Packet
RLC Switching
MAC

—Multiplexing (different mobiles)
—Contention resolution (u/l) - QOS related
—Scheduling/queuing (d/I) - QOS related
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MS Upgrade required Upgrade required
BTS Upgrade required No Change

BSC Upgrade required PCU Interface
TRAU No Change No Change
MSC/VLR Upgrade required No Change

HLR Upgrade required No Change
SGSN New New

GGSN New New



SME-GMSC
SMES-IWMSC

SG5N
GG5N

Other
GPRES PLMN

FON

MSCALR HLR
Serving GPRS support node SMS-GMSC  SMS-Gateway MSC
Gateway GPRS support node SMS-IWMSC  SMS—Interworking MSC

User data and signaling data
Signaling data
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Serving GPRS Support Node : SGSN
Gateway GPRS Support Node: GGSN
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BSC and others
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Transceiver consists of 2 sections:

RF Front end:

This section converts the GSM/TDMA signal into baseband
signal in I/Q form.

GPRS Signaling and Data codec:

This section encodes/decodes signaling messages for
GSM/TDMA Base station.

Transcodes data into packets conforming with GPRS
specifications.
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[Function MS BSS SGSN GGSN HLR
Metwork Access Control:

Radistration X
Authentication and Authorisation X x x
Admission Control b3 X x

Message Screening X

Packet Terminal Adaptation »

Charging Data Collection X X

Packet Ruuteing & Transfer:

Relay 3 » » !

Routeing X X X X

Address Translation and Mapping X X X

Encapsulation X X X

Tunnelling X .

Comprassion X X

Ciphering x X x
Mability Management: X X X X
Lm!ical Link Management:

Logical Link Establishment » x

Logical Link Maintenance X x

Logical Link Release x X

Radio Resource Management:

LIm Management X X

Cel Selection x x

Lm-Tranx X x

Path Managemeant X X

Source: ETSI GPRS Documents GSM 03.60
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Transmission Plane
rS BSS S5G5MN GasM
Application
Metwork MNetwork
layer layer
(1P, X.25) (1P, X.25)
Relay
SNDCP SMNDCP aTP are
LLc LLc TCR/UDP TCR/UDP
B ] Relay
Data hink layer
RLC RLC BSSGP BSSGP IP IP
Metwark Metwark Data link Data link
MAC MAC SEFViCE SEFViCE layer layer
FPLL FLL
Physical layer Phy. layer Phiy. layer Phy. layer Phy. layer
o I g
Lim Gl Gn Gi
SMDCP  Subnetwork dependent convergence protocol BESSGP BSS GPRS application protocol
LLE Logical link contral
RLC Radio link control GTP GPRS tunneling protocol
h18C Mediurm access control TCP Transmission cortrol protocol
PLL Phiysical link layer uop User datagram protocol
RFL Physical RF layer P Internet protoool
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Signaling Plane

M5 B55 5G5M
GMNSEM GMM/E M
LLC LLC
Relay

RLC RLC BS5GP BS5GP
M AC M AC Network MNetwork
service service
GSM RF ﬂ GSM RF Phy . layer m Phy. layer
Um Gh
GMM/SM: GPRS mobility management and session
rmanagement protocol
GSM RF:  GSM physical layer (radio interface), i.e.. PLL and RFL

SGESN HLR (and EIR)
AP M AP
TCAP TCAP
S5CCP SCCP
MTFP3 MTP3
MTF2 MTF2
|P——
Phy. layer Phy. layer
Gr (hzw. Gf)

MAP; Mobile application part

TCAP: Transaction capahbilities application part

SCCP; Signaling connection contral part
MTF: Message transfer part
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SNDCP transforms IP/X.25 packets into LLC frames, after optional
header/data compression, segmentation and encryption

Maximum LLC frame size is 1600 bytes

An LLC frame is segmented into RLC data blocks which are coded
into radio blocks

Each radio block comprises four normal bursts (114 bits) in
consecutive TDMA frames

RLC is responsible for transmission of data across air-interface,
including error correction

MAC layer performs medium allocation to requests, including multi-
slot allocation

PHY layer is identical to GSM
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Although the GPRS n/w consists of several different
nodes, it represents only one IP hop

GTP enables tunneling of PDUs between GSNs, by
adding routing information

Below GTP, TCP/IP and IP are used as the GPRS
backbone protocols

SNDCP carries network layer protocol data (IP/X.25) in
a transparent way

It provides data and header compression also, to
improve channel efficiency
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LLC functions comprise ciphering, flow control and
seguence control

RLC/MAC layer, located in the PCU, provides services
(segmentation and re-assembly) for the transfer of LLC
PDUs

RLC is responsible for transmission of data across air-
interface, including error correction

MAC layer, derived from slotted ALOHA, performs
arbitration between multiple service requests and
medium allocation to requests
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MAC layer multiplexes several MSs over one physical
channel

It also allows one MS to use several time-slots in
parallel - (multislot allocation)

Physical link layer provides physical channels to
RLC/MAC layer, does FEC, interleaving, monitoring of
radio link signal quality and power control

Physical RF layer, lowest layer of the U, interface, is
identical to the GSM RF layer
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Packet Data Channel (PDCH)

Dedicated to packet data traffic from logical channels
Control
User data
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Common Control Channel

Dedicated Control Channels

Broadcast Control Channels
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Packet Common Control Channel (PCCCH)
Paging (PPCH)
Random Access (PRACH)
Grant (PAGCH)
Packet Notification (PNCH)
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Packet Dedicated Control Channel (PDCCH)

Operations on DBPSCH

Slow Associated Control Channel (SACCH)
Radio measurements and data
SMS transfer during calls

Fast Associated Control Channel (FACCH)
For one Traffic Channel (TCH)
Stand-alone Dedicated Control Channel (SDCCH)
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Packet Broadcast Control Channel (PBCCH)

Frequency correction channels
Synchronization channel (MS freq. vs. BS)

Broadcast control channel for general information on
the base station

Packet broadcast channels

Broadcast parameters that MS needs to access network for
packet transmission
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Traffic Channels (TCH)
Encoding of speech or user data

Channels are either predetermined multiplexed
or multiplexing determined by MAC

Full rate/Half rate
On both SBPSCH and DBPSCH

Modulation techniques
GMSK
8-PSK
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Group

Packet Data Traffic
Channel

Packet Broadcast
Control Channel

Packet Common
Control Channel

Packet Dedicated
Control Channel

Channel

PDTCH

PBCCH

PRACH
PAGCG
PPCH
PNCH

PACCH
PTCCH

Function

Data Traffic

Broadcast Control

Random Access
Access Grant
Paging
Notification

Associated Control
Timing Advance Control

Direction

MS < BSS

BSS » MS

MS —» BSS
BSS » MS
BSS —» MS
BSS —» MS

MS < BSS
MS < BSS
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Medium Access Control (MAC)

Connection oriented

Connections are called Temporary Block Flows (TBF)
Logical unidirectional connection between two MAC entities
Allocated resources on PDCH(Ss)

One PDCH can accomodate multiple TBFs

Temporary Flow Identity (TFI) is unique among concurrent TBFs
in the same direction

Global_TFI to each station
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PACKET CHANNEL REQUEST PRACH

>

PACKET UPLINK ASSIGNMEN[T PAGCH

A

TBF By MS: One Phase Access

PACKET CHANNEL REQUEST

P

PACKET UPLINK ASSIGNMENT

A

PACKET RESOURCE REQUEST

»

»

PACKET UPLINK ASSIGNMENT

<
<

PRACH

PAGCH

PACCH

PACCH

TBF By MS: Two Phase Access
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PACKET DOWNLINK ASSIGNMENT PACCH or PAGCH

A

TBF Est. By Network



Slotted Aloha

Used in PRACH
MSs send packets in uplink direction at the beginning of a slot
Collision: Back off -> timer (arbitrary) -> re-transmit

Time Division Multiple Access (TDMA)
Predefined slots allocated by BSS
Contention-free channel access
All logical channels except PRACH



Uplink State Flag (USF, 3bits) associated with an assigned PDCH
(USF on each downlink Radio Block)

USF_GRANULARITY assigned during TBF establishment.

Dynamic Allocation
MS finds it's USF in RLC/MAC PDU header. On the next uplink block:
If USF_GRANULARITY=0, transmit one radio block
If USF_GRANULARITY=1, transmit four consecutive radio blocks

Extended Dynamic Allocation

Same as Dynamic, except the four radio blocks are transmitted on
different PDCHs

Exclusive Allocation



Radio Link Control (RLC)

Can provide reliability for MAC transmissions

Transparent mode
No functionality

Acknowledged mode
Selective Repeat ARQ

Sender: Window
Receiver: Uplink ACK/NACK or Downlink ACK/NACK

Unacknowledged mode
Controlled by numbering within TBF

No retransmissions
Replaces missing packets with dummy information bits
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(Optional)

ls Uplink olazs]

JUE 3, 1y 095 Caslyz yo hibss
X, o PRACH

S aes o xwbLPAGCH g9, asi
S oolaiwl PDCHS olas™ 51 MS
downlink S5 ¢4, USF o au
uplink sl LT aeo )Las b oo S
& L el o1 Jobes



Uplink data transfer

MS monitors the USF and according to its value
identifies the PDCH assigned to it

3-bit USF enables the coding of 8 different USF
states used to multiplex uplink traffic

After transmission an ACK should follow, from
the BSC and sent on the PACCH

In the case of a NACK, which includes a bitmap
of erroneous blocks and a packet resource
assignment for retransmission, only blocks listed
as erroneous are retransmitted
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Packet paging

request f,‘

PPCH or PCH }

Packet channel /’P

Fequest f\

PRACH or HACH}F

Packet immediate
™ . /7 PAGCH urAGCH)—
assignment [\

Packet paging

FESPORnSE r\‘_

PACCH )—D

Since a TFI is included in
each radio block, it is
possible to multiplex
radio blocks for different
MS on the same PDCH

network obtains ACKs for
downlink transmission by
polling the MS

MS sends ACK/NACK in
the reserved radio block
allocated in the polling
process



Two procedures:

GPRS Attach/Detach (towards SGSN/HLR)
Makes MS available for SMS over GPRS
Paging via SGSN
Notification of incoming packet

PDP Context Activation/Deactivation
Associate with a GGSN
Obtain PDP address (e.g. IP)



GPRS Attach/Detach
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PDP context
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GPRS attach

READY timer expired or
force to standhby

: STANDEY

STANDEY timer
expired

GPRS detach

Transmission of
a packet
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IDLE state
No logical PDP context activated
No network address (IP) registered for the terminal
No routing of external data possible

Only multicast messages to all GPRS handsets
available



STANDBY state

Only routing area is known
RA is defined by operator

When downlink data is available, packet paging
message is sent to routing area

Upon reception, MS sends it's cell location to the SGSN
and enters the ACTIVE state



ACTIVE state
SGSN knows the cell of the MS
PDP contexts can be activated/deactivated

Can remain in this state even if data is not transmitted
(controlled by timer)



PDP Contexts

Maintains a session or logical tunnel between MS and
GGSN

PDP Context activities
Activation
Modification
Deactivation

PDP address allocation can be
static - assigned by operator of users’ home PLMN
dynamic- assigned on activation of PDP context
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GPRS __L ...

MS from PLMN-2 is visiting PLMN-1
IP address prefix of MS is the same as GGSN-2
Incoming packets to MS are routed to GGSN-2

GGSN-2 queries HLR and finds that MS is
currently in PLMN-1

It encapsulates the IP packets and tunnels them
through the GPRS backbone to the appropriate
SGSN of PLMN-1

SGSN decapsulates and delivers to the MS



GPRS -.: L

Maximum data transmission rate (radio) is 4
timeslots at 13.4 kbps (53.6 kbps)

data rates will be further restricted due to
number of active GPRS users
amount of retransmissions
quality of service

evel of compression

indicative value for average transmission rate seem
to be around 30kbps at radio level. (GSM World)
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Email via GSM

User Modem Modem

<§f— GSM ‘.‘ PSTN ‘.‘Internet M
- w,

INITIAL CALL PROCESS

 GSM Call

* TrainModem

* Login and Authenticate
* Download mail

Total

SUBSEQUENT CALL

* Repeat Above

it o Auth.

uth. Email via GPRS  server gmail
Sewver Email L S

7~ Server User e i

~ =
®—GPRS — Internet _Wmmmmﬂm
N _ .......... / ......

L/

Authenticated
path to Email
server
TIME (s) INITIAL CALL PROCESS TIME (s)
4 « GPRS Call 4
30 * Login and Authenticate 11
11 * Download mail 180
180
3 min 45s Total 3 min 15s
SUBSEQUENT CALL
3 min 45s * Not applicable —

Permanent Virtual Circuit Omin Os
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LTE Architecture

EPS: Evolved Packet Switched System

E-UTRAN: Evolved Universal Terrestrial Radio Access Network
UE: User Equipment

eNB: Evolved Node B

EPC: Evolved Packet core

MME: Mobility Management Entity

HSS: Home Subscriber System

S-GW: Serving PDN Gateway

P-GW: Proxy PDN Gateway

PCREF: Policy and charging rules function
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Fraquancy — Fraquancy ——
COMA OF DMCDMA
(Code Division Multiple (Hybrid of Orthogonal
Access) Fraqueancy Division

Multiplex and CDMA)
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